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(57) A method for controlling an industrial truck (1)
is disclosed, as well as a corresponding control system.
The truck (1) has at least one motor (22,64,65) for driving
a movable part of the truck and a sensor for measuring
the actual motor speed and/or speed of the movable part
inrealtime. The sensor transmits a real time speed signal
(AS) representing the actual motor speed in real time to
the controller (12), where the speed signal (AS) is com-
pared with to predetermined data and/or to a speed con-

Improved control system for an industrial truck

trol signal (A’,D’) provided to the at least one motor
(22,64,65). Based on the analysis, a secondary control
data is generated for controlling the truck (1). The control
method is usable in conjunction with a traction motor (64)
for the truck (1), whereby e.g. anti-spin and anti-brake
lock functions could be implemented. The control method
is also usable in conjunction with a motor/pump (22,23)
in a hydraulic system, whereby e.g. weight estimation
and position determination functions could be imple-
mented.
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Description

Field of the invention

[0001] The present invention relates to an improved
control system for an industrial truck. Further, the inven-
tion relates to a method for such improved control.

Background of the invention

[0002] Industrial material handling vehicles, here com-
monly referred to as industrial trucks, such as lift trucks
or pallet trucks, are commonly found in warehouses, fac-
tories, shipping yards, and, generally, wherever pallets,
packages, or loads of goods are required to be moved
from place to place. In the following particularly fork lift
trucks will be discussed, but it will be appreciated that
corresponding problems arise also in other types of in-
dustrial trucks, and that corresponding operating means
can be used also for such vehicles.

[0003] In package picking and delivery applications, it
is generally desirable to move as many packages as pos-
sible, in as little time as possible, such that packages or
pallets can be delivered with a high degree of efficiency.
Therefore, lift and pallet trucks are typically operated at
a relatively high rate of speed, whereby the risk of haz-
ardous situations are ever existing. For e.g. there is a
risk of too high weight being carried by the trucks, insuf-
ficient braking capacity, etc. Further, a common problem
forindustrial trucks in today’s working environment is that
the wear of the trucks, and especially the driving wheels,
are increased, due to slipping and spinning, etc, which
increases the need for service and repair, and thus in-
creases the operating costs for the trucks.

[0004] For example, if the ground is in a slippery con-
dition or loads are inappropriately distributed the problem
which is frequently encountered in industrial trucks is that
the driving wheel or driving wheels will slip. Furthermore,
since the driven wheel frequently is also the wheel to be
steered such a slip leads to poor maneuvering charac-
teristics. In addition, the slip causes an increase in wear
to the tires or their surfaces. The efficiency of the drive
deteriorates drastically because the driving power is not
turned into kinetic energy. Accordingly, this reduces the
kinetic energy which can be recovered during a braking
operation. If braking is done via the drive an increase in
slip will naturally lead to a clear reduction of the braking
torque. To this end, different types of so-called anti-lock
braking systems has been proposed in the past. E.g. US
6 799 652 discloses such a system, in which the speed
of the driving wheel is compared to the speed of at least
one non-driving wheel in order to detect slipping. Thus,
the slip is determined during braking or driving, and,
hence, an appropriate action onto the braking system
prevents the slip from assuming excessively large rates,
specifically in order to avoid a lock-up. However, imple-
mentation of this system is relatively complicated and
expensive, and does only partly alleviate the above-dis-
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cussed problems.

[0005] InEP 0798260 and EP 0798 261 methods for
determining the displacement of the load forks in a hy-
draulic system are disclosed. In these methods, the cur-
rent or voltage supplied to the hydraulic system is used
for providing an estimate of the flow of hydraulic oil in the
system, which in turn is used to provide a measure of the
displacement. However, these methods are only usable
in a limited number of industrial trucks, using e.g. specific
types of electrical motors. Further, these known systems
are relatively expensive and difficult to implement.
[0006] There is therefore a need for an improved con-
trol systems for industrial trucks, which could be used
e.g. forautomatic control of the truck in certain situations,
and thereby reduce the wear on the truck, and improve
the controllability of the truck in order to improve safety,
etc. Even though many such solutions for improved con-
trol systems have been proposed during the years, most
of said systems are in general not sufficient for avoiding
the above-related problems, and/ or are too expensive
and difficult to implement.

Summary of the invention

[0007] Itis therefore an object of the present invention
to provide a control system for an industrial truck, and a
method for operation of the same, which is more effective
and/or is more cost efficient than previously known sys-
tems, and which thereby alleviates the above-discussed
problems.

[0008] This object is achieved with a control system
and a method according to the appended claims.
[0009] According to afirst aspect of the invention there
is provided a method for controlling an industrial truck
comprising at least one motor for driving a movable part
of the truck, comprising the steps:

providing a real time speed signal representing the
actual motor speed in real time to a controller;

analyzing, in said controller, the received speed sig-
nal by comparing it to predetermined data and/or to
a speed control signal provided to the at least one

motor;
generating secondary control data based on said
analysis; and
using said secondary control data for controlling the
truck.

[0010] The controller could be realized in an already

existing control means on the truck, such as in a vehicle
controller or a motor controller, or be realized as a sep-
arate controller unit, or a combination of the two.
[0011] The motorcould e.g. be atraction motor for driv-
ing a driving wheel of the truck, or a hydraulic pump for
driving the fork lift system.

[0012] The real time speed signal is preferably a signal
representing the revolution speed of a revolving part of
the motor, i.e. an rpm signal. Such a signal can preferably
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be provided by mean of a sensor. The sensor is prefer-
ably associated with the motor, and can e.g. be a detec-
tor, such as a quadrature detector, arranged on the driv-
ing wheel, or a gauge measuring the rotation of the mov-
ing part in a hydraulic pump. Such a real-time feed back
signaltobe sentto a controller is per se previously known,
and is commonly used in industrial trucks for controlling
the speed and power of the power generating system.
Accordingly, the method and control system according
to this invention is relatively easy and cost effective to
implement, since much of the required hardware are al-
ready in place in conventional trucks of today.

[0013] The sensor for measuring the actual motor
speed in real time can be realized in hardware, but can
also be realized in software, such as being based on a
calculation algorithm in the motor controller.

[0014] The real time speed signal is preferably provid-
ed continuously over at least a certain period of time, as
a continuous analogue signal or as a continuous digital
signal with a high enough resolution and bit rate to pro-
vide real time information to the control system.

[0015] The secondary data can be used to control the
truck in anumber of different ways, such as one or several
of the following:

- Activation of corrective measures, such as activation
of anti-spin or anti-brake lock functionalities, adjust-
ment of the pressure applied on the drive wheel, etc.

- Activation of an alarm, such as a summeroran alarm
light.

- Activation of restrictions on the operability, such as
lowering the maximum drive speed of the truck, the
maximum lifting height or the maximum steering an-
gle, etc.

[0016] Bythe above-defined analysis ofthe sensor sig-
nal representing the actual motor speed in real time it
becomes possible to detect a number of different abnor-
mal or erroneous operating conditions, and/or situations
which may not be abnormal, but which requires certain
safety measures etc. For example, the inventive method
make it possible to detect one or several of the following
conditions and parameters:

* A slipping driving wheel during acceleration or de-
celeration, which may be used as an input for an
anti-spinning system or an anti-brake lock system,
or the like.

¢ Determination of the weight being carried by the fork
lifts, which may be used to generate a warning signal
if the weight is to heavy, or to introduce safety limi-
tations on the height into which the load could be
lifted, the speed with which the truck could be driven,
etc.

e Collision impacts, such as e.g. occurs when there is
collision between the truck and racking, pallets,
doors, etc. Such collision impact detection may be
used to bring attention to careless operation, register
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possible damage in a database, to alert a service
need, etc.

¢ Determination of the position of the fork lifts or other
displaceable parts of the truck, in order to generate
a warning signal if the height is inappropriate for the
weight carried, to introduce safety limitations on the
speed with which the truck could be driven, etc.

¢ Determination of the distance which the truck has
traveled. This could be used e.g. to automatically
call for service when a certain distance threshold val-
ue has been exceeded.

* Determination of a need for preventive maintenance,
when e.g. threshold values for certain parameters
are exceeded, such as the number of impacts of a
certain magnitude, the number of powerful and
heavy decelerations, the number of times spinning
or slipping have occurred, etc.

» Determination of energy wasting conditions, to be
used in e.g. an energy saving system.

[0017] In one embodiment, the at least one motor in-
cludes a traction motor for driving a drive wheel of the
truck, wherein the speed signal represents the actual
speed of the drive wheel, and wherein the step of ana-
lyzing involves comparing said signal to predetermined
ramp data for acceleration/deceleration and/or to a drive
speed control signal provided to the traction motor, for
generation of secondary data related to slipping or spin-
ning of the drive wheel during acceleration/deceleration,
and/or detection of collision impact on the truck.

[0018] In the analysis of predetermined ramp data, it
is possible to determine abnormalities such as atoo steep
ramp in acceleration/deceleration, abnormal fluctuations
in the ramp, etc. With "abnormal" is in this case meant
conditions that would normally not arise during acceler-
ation or deceleration operations when there is no slipping
of the driving wheel against the underlying surface.
[0019] In the comparison with the drive speed control
signal provided to the traction motor, a comparison is
made between the ordered, intended acceleration/decel-
eration, and the actual, resulting acceleration/decelera-
tion of the drive wheel. Any differences between these
indicates that the drive wheel is not delivering the accel-
eration/deceleration as requested, i.e. the acceleration/
deceleration is either to low or to high, which is indicative
of slipping or spinning on the floor.

[0020] The intended acceleration/deceleration is in
this case normally based on a signal generated by the
vehicle driver actuating an accelerator pedal or hand con-
trol, by which action a desired torque is preset for the
drive, e.g. via a motor controller.

[0021] The secondary data indicative of such slipping
and sliding can be used for controlling the speed control
signal sent to the traction motor, in order to provide an
anti-brake lock and/or an anti-spin functionality. It is pos-
sible to use a predetermined slip threshold value, where-
by the anti-slip control only is activated if the actual slip
exceeds the predetermined slip threshold value. Imple-
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mentation of anti-spin and anti-brake lock functionality is
per se previously known, and the secondary input data
as generated by means of the present invention may be
used as input in essentially all such previously known
systems.

[0022] Additionally oralternatively, the atleastone mo-
tor can include a pump motor for driving a hydraulic sys-
tem of the truck, wherein the speed signal represents the
flow of hydraulic fluid through the pump, and wherein the
step of analyzing involves comparing said signal to a
pump speed control signal provided to the pump motor,
for provision of secondary data related to a weight esti-
mation of the weight load being moved by the hydraulic
system.

[0023] The pump speed control signal is related to the
power supplied to the pump, whereas the resulting flow
of fluid in the hydraulic system, i.e. the time it takes to
move the moving parts, is dependent on the weight load
being moved by the hydraulic system. Since this relation-
ship may be precisely determined beforehand, this anal-
ysis may provide a very accurate estimate of the weight
load.

[0024] In order to determine the weight load, it is also
possible to provide a certain pump speed control signal,
e.g. a full speed signal or a half-speed signal, during a
certain time period, e.g. during one second, in order to
execute the analysis. Such an automatically initiated test
may be performed immediately following any lifting op-
eration or the like.

[0025] Alternatively or additionally, the atleast one mo-
tor can include a pump motor for driving a hydraulic sys-
tem of the truck, wherein the speed signal represents the
flow of hydraulic fluid through the pump, and wherein the
step of analyzing involves comparing said signal to pre-
determined data related to the relation between the flow
of hydraulic fluid and the resulting movement of the mov-
able part driven by said hydraulic system, for provision
of secondary data related to a resulting displacement
from a reference position.

[0026] Hereby, it is possible to integrate the received
speed signal over time for calculation of the total resulting
displacement, whereby the actual position in relation to
a reference position can be determined. By doing this
continuously, and e.g. using an end position as the ref-
erence, it is hereby also possible to continuously deter-
mine the absolute position.

[0027] Ina similarfashion, is possible to determine the
distance traveled by the truck. In this case, the at least
one motor includes a traction motor for driving a drive
wheel of the truck, the speed signal represents the actual
speed of the driving wheel, and the step of analyzing
involves comparing said signal to predetermined data
related to the relation between the speed of the driving
wheel and the resulting movement of the truck driven by
said drive wheel, for provision of secondary data related
to a driving distance traveled by the truck.

[0028] The inventive method is preferably applied to a
motor of an industrial truck which is constituted by an
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electric motor or a hydraulic engine.

[0029] According to another aspect of the invention,
there is provided a control system for an industrial truck
comprising at least one motor for driving a movable part
of the truck, comprising:

means for providing a measure of the actual motor
speed in real time;

a controller; and

a signal connection for transmitting a real time speed
signal representing the actual motor speed in real
time to the controller;

wherein said controller is arranged to analyze the re-
ceived speed signal by comparing it to predetermined
data and/or to a speed control signal provided to the at
least one motor, and for generating secondary control
data based on said analysis, said secondary control data
being usable for controlling the truck.

[0030] By means of this aspect, similar advantages as
discussed above in relation to the first aspect are obtain-
able.

[0031] These and other aspects of the invention will
be apparent from and elicidated with reference to the
embodiments described hereinafter.

Brief description of the drawings

[0032] Forexemplifying purposes, the invention will be
described in closer detail in the following with reference
to embodiments thereof illustrated in the attached draw-
ings, wherein:

Fig 1 is a schematic overview of an exemplary in-
dustrial truck in which can be used in conjunction
with the present invention;

Fig 2 is a schematic block diagram of the industrial
truck in fig. 1;

Fig 3is aflow chartillustrating a method for detecting
slipping according to one embodiment of the inven-
tion;

Fig 4 is a schematic block diagram of the hydraulic
system of the industrial truck in fig. 1, illustrated in
greater detail; and

Fig 5 is a flow chart illustrating a method for estimat-
ing weight according to one embodiment of the in-
vention.

Description of preferred embodiments

[0033] Referring now to Fig. 1, there is shown a per-
spective view of an industrial truck 1, in the preferred
embodiment being referred to as a fork lift truck. Vehicle
1 comprises a frame 11, to which are mounted the major
operating components of the vehicle 1, such as a main
telescoping mast 2, for lifting of forks 3, an operator con-
trol station 4, two non-steerable wheels 5, and a drive
wheel 6 (not visible in fig 1).
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[0034] Referring now to Fig. 2, a block diagram of the
lift truck 1 in Fig 1 is illustrated. The lift truck comprises
a vehicle controller 12 which receives operator input sig-
nals from operator control means 13, such as handles,
key switches, pedals, stick controllers, steer wheels, con-
trol buttons etc. Based on the received signals , the con-
troller provides command signals to each of a lift motor
control 21 and a drive system 61 including both a traction
motor control 62 and a steer motor control 63, as is per
se known in the art. The drive system provides a motive
force for driving the lift truck in a selected direction, while
the lift motor control 21 drives forks 3 along the mast 2
to raise or lower a load. The lift truck 1 and vehicle con-
troller 12 are powered by an electric energy source, such
as one or more battery (not shown).

[0035] The vehicle controller 12 may be a separate
unit, or be integrated with one or several of the other
controllers 21, 62 and 63.

[0036] The traction motor control 62 drives a traction
motor 64 which is connected to a drive wheel 5 to provide
motive force to the lift truck. The speed of the traction
motor 64 and associated wheels is selected by the op-
erator from an operator control handle or the like, and is
typically monitored and controlled through feedback pro-
vided by an encoder or other feedback device coupled
to the traction motor 64. The wheel 5 may also be con-
nected to a friction brake through the drive motor, pro-
viding both a service and parking brake function for the
lift truck 1. The traction motor 64 is typically an electric
motor.

[0037] The steer motor control 63 is connected to drive
a steer motor 65 and associated steerable wheel 5’ in a
direction selected by the operator. An encoder or other
feedback device is typically coupled to the steer motor,
and a signal is provided to the steer motor control 63 to
maintain the direction of travel of the lift truck 1 within a
predetermined range of the selected direction of motion.
The steerable wheel 5’ and the drive wheel 5 may be one
and the same, i.e. a single, combination steering and
drive wheel 5 that is driven by the traction motor 64 via
an internal drive shaft (not shown).

[0038] The lift motor control 21 provides command sig-
nals to control a lift motor 22 which is connected to a
hydraulic circuit including a pump 23 for driving the forks
3 along the mast 2, thereby moving the load up or down.
In some applications, the mast 2 can be a telescoping
mast, whereby additional hydraulic circuitry is provided
to raise or lower the mast 2 as well as the forks 3.
[0039] According to afirst aspect of the invention there
is provided a method and a controller for controlling at
least one motor for driving a movable part of the truck,
such as the lift motor, the traction motor and the steer
motor. Hereby, a sensor for measuring the actual motor
speed in real time is provided, and a corresponding real
time speed signal representing the actual motor speed
in real time is generated in said sensor and transmitted
to the controller. In the controller the received speed sig-
nal is compared to predetermined data and/or to a speed
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control signal provided to the motor, for generation of
secondary control that is usable for controlling the truck.
[0040] Several different alternatives of this inventive
concept is possible, such as using it for different motors
and different movable parts, comparing it to different da-
ta, etc. A number of such alternative embodiments will
be discussed in more detail in the following, but the skilled
addressee would appreciate that other alternatives within
this concept are also feasible. It is also possible to com-
bine one or several of these embodiments.

Anti spin traction control and anti brake lock control

[0041] In this embodiment, the traction motor for driv-
ing the drive wheel of the truck is provided with a sensor
for providing real time speed data of the drive wheel. The
sensor can e.g. be sensors which measure the number
of revolutions of the wheels and their circumferential
speed, such as quadrature gages, which are per se well
known in the art. However, the sensor may also be real-
ized in software, e.g. by means of a calculation algorithm
in the motor controller.

[0042] By means of the speed signal generated by the
sensor, the actual speed of the wheel is determinable,
and this can serve for determining the slip by making a
comparison to predetermined ramp data for acceleration/
deceleration and/or to a drive speed control signal pro-
vided to the traction motor from the traction motor control.
If positive torques are produced (in a forward direction)
such as in driving forwards and braking backwards a pos-
itive slip will result. On the contrary, if torques are pro-
ducedinabackward direction (in braking during a forward
travel and driving in a backward travel) a negative slip
will result.

Slipping may be determined by means of comparing the
speed signal generated by the sensor during accelera-
tion/deceleration with predetermined data. For example,
it is possible to determine a maximum acceleration A’ or
deceleration D’ that is achievable for the truck. Such data
is determinable by test measurements, by theoretic cal-
culations, etc. The derivate of the actual speed signal,
AS’, or the differential quotient of the speed signal be-
tween different times, can then be compared to the max-
imum acceleration A’ and deceleration D’, and if AS’ is
higher than A’ or lower than D’ a slipping condition is
determinable. Hence, in the analysis of predetermined
ramp data, it is possible to determine abnormalities such
as a too steep ramp in acceleration/deceleration, abnor-
mal fluctuations inthe ramp, etc, i.e. conditions that would
normally not arise during acceleration or deceleration op-
erations when there is no slipping of the driving wheel
against the underlying surface.

[0043] A control method using a combination of the
above-discussed comparisons for detecting slipping is
illustrated in the flow chart of Fig. 3.

[0044] The secondary data indicative of such slipping
and sliding can be used for controlling the speed control
signal sent to the traction motor, in order to provide an
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anti-brake lock and/or an anti-spin functionality. Hereby,
the controller may automatically adjust the ordered speed
to the same value as the present actual speed, and there-
after gradually restore the ordered speed to what was
originally requested, as long as the ordered speed of the
operator exceeds the present actual speed. Hereby, the
amount of the torque of the driving motor is reduced in
dependence from the difference between the actual
speed and the ordered speed. Implementation of anti-
spin and anti-brake lock functionality is per se previously
known, and the secondary input data as generated by
means of the present invention may be used as input in
essentially all such previously known systems. The larger
the slip is the larger will be the corrective moment so that
it is sure anyway that the torque which is the respective
optimum will be applied to the driving wheel or the braked
wheel.

[0045] As a complement, additional input for recogni-
tion of slipping may also be used, in order to make the
determination even more reliable. For example, the ac-
tual speed signal AS may be compared to a speed signal
from one or several of the other wheels of the lifting truck,
e.g.inthe way disclosed in US 6 799 652 (said document
hereby incorporated by reference).

Impact detection

[0046] In asimilar manner as discussed above for de-
tection of slipping, it is also possible to detect impact in
collisions and the like. Itis possible to distinguish between
slipping and impacts in various ways. For example, if the
difference between the difference between the derivative
AS’ and the maximum deceleration D’ exceeds a certain
threshold value, this may also be used as an indication
of the occurrence of an impact. Several such threshold
values may also be used to determined impacts of dif-
ferent severities. Different threshold values may also be
used in dependence on the actual steering angle being
used.

[0047] The above-discussed way of detecting and de-
termining impacts may also be combined with other im-
pact detection means, such as accelerometer sensors
and the like, which are per se previously known in the
art, for provision of an even more reliable detection of
such events.

[0048] The secondary data indicative of such impacts
can be used for controlling the lifting truck in various
ways. For example, it may be used for an automatic re-
quest for inspection, maintenance or service of the lifting
truck (see below). Still further, it may also be used for
activation of safety measures, such as automatic brake
activation, automatic decrease of the traction, or the like.

Precautionary call for service

[0049] In a similar manner as discussed above and in
the following, the detection of certain parameters, such
as weight being lifted, spinning, slipping, impacts, travel
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distance etc, may be used for an automatic request for
inspection, maintenance or service of the lifting truck. For
example, a determination of a need for precautionary
service can be made when e.g. threshold values for cer-
tain parameters are exceeded, such as:

e the number of impacts of a certain magnitude ex-
ceeds a threshold value, since repeated impacts
may cause defects due to the shaking and vibration
of certain parts of the lifting truck.

e the number of powerful and heavy decelerations,
which wears on the wheels and brakes of the truck.

e the number of times spinning or slipping have oc-
curred, which wears on the wheels.

* the travel distance that has been traveled.

e Etc

Travel distance estimation

[0050] The actual speed signal AS may also, in a sim-
ilar manner as discussed above for detection of slipping,
be used to determine the distance traveled by the truck.
In this case, the actual speed signal AS is compared to
predetermined data related to the relation between the
speed of the driving wheel and the resulting movement
of the truck driven by said drive wheel. Such predeter-
mined data may be acquired by test measurements, by
theoretic calculations, etc.

[0051] The secondary data indicative of such impacts
can be used for controlling the lifting truck in various
ways. For example, it may be used for an automatic re-
quest for inspection, maintenance or service of the lifting
truck after a certain travel distance (see above).

Weight indication

[0052] Another line of embodiments is concerned with
a pump motor for driving a hydraulic system of the truck,
for example the lift motor. In this case, the speed signal
represents the flow of hydraulic fluid through the pump.
Different sensors for generation of such signals are pos-
sible, such as a sensor measuring the revolutions of a
rotating or moving part of the motor or pump (rpm). It has
been found by these inventors that by comparing this
speed signal to a pump speed control signal provided to
the pump motor, it is possible to estimate the weight of
the weight load being moved by the hydraulic system.
The pump speed control signal is related to the power
supplied to the pump, whereas the resulting flow of fluid
in the hydraulic system, i.e. the time it takes to move the
moving parts, is dependent on the weight load being
moved. Since this relationship may be precisely deter-
mined beforehand, this analysis may provide a very ac-
curate estimate of the weight load.

[0053] An exemplary hydraulic system that could be
used in conjunction with this functionality is illustrated in
greater detail in Fig 4. This system comprises a hydraulic
pump 23 connected to a hydraulic cylinder or piston 25,
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for moving a movable part, via an electrically controllable
valve 26, which is controlled by a controller 21, and a
hydraulic fluid reservoir 27. The hydraulic pump 23 is
driven by an electrical-motor 22 that in turn via electron-
ically controlled speed regulation 24 is connected to an
electric energy source, such as a battery 28, and the
controller 21. When the hydraulic cylinder 25 is to be
activated the driver of the truck indicates this by means
of an actuator 13, whereby the controller registers this,
starts the motor and opens the valve 26.

[0054] The controller 21 and the speed regulator 24
may be realized as separate units, or may integrated in
one unit.

[0055] In experiments it has been established that a
rpm signal from the pump or pump motor is essentially
linearly dependent on the weight. By comparing this sig-
nal to predetermined reference data for the same provid-
ed power to the pump motor, it is possible to estimate
the weight with an accuracy of e.g. +/- 25 kg within a
range of at least 0-2500 kg. The rpm signal is preferably
evaluated during a certain time period for providing an
adequate weight estimate. This time period is preferably
in the range of 0.5 - 5 seconds, and preferably about 1.5
seconds.

[0056] Duringthe weightestimation process, the pump
effect may be controlled to be at a certain value, e.g.
20%, 50% or 100% of the maximum pump effect. Hereby,
reference data to be used for the weight estimation need
only be provided for this exact pump effect, and such
reference data is obtainable through measurements at
one or several reference load weights, and/or through
theoretical calculations. Alternatively, itis possible to pro-
vide reference data for different pump effects, such as in
a certain range. In this case, the weight estimate is pref-
erably made when the pump effect is within the range of
20-80%, and most preferably within 20-50%. However,
0-100% is also a feasible alternative. In case a broad
range is used, the weight estimation process can be
made essentially unnoticeable for the truck operator.
Since the rpm signal to the pump motor is essentially
linearly dependent on the load, at least within these rang-
es, reference data can be provided relatively easy for
such a range based on one or several measurements at
certain pump effect values. Thus, the controller may in
case restrict the pump effect to be within this range during
the time when the weight estimation takes place, but
when a extended range is used, this would normally not
be noticeable for the operator. However, even other de-
pendencies than linear may be determined and used, for
e.g. to be used for other ranges of the pump effect.
[0057] Preferably, the above-discussed weight esti-
mation is automatically initiated and executed at the start
of every new lift operation. This may e.g. be accom-
plished by activating the weight estimation process at
every requested lift upwards for the forks. However, in
case the weight estimation process imposes restrictions
on the users operability of the truck, it may be considered
to limit the number of weight estimations. For example,
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the weight estimation process may be restricted only to
situations where the lift occurs from certain positions,
such as below a certain height or the like. It is also pos-
sible to use an additional sensor, such as a pressure or
load indicator, an optical sensor or the like, to determine
when a load is present on the forks, and then restrict the
weight estimation to take place only when such a load is
at hand, or only when new goods is loaded on the forks.
[0058] A control method for estimating weight in ac-
cordance with the discussion above is illustrated in the
flow chart of Fig. 5.

- Inorder to achieve a good weight estimate, the sys-
tem is preferably calibrated at least once, and pref-
erably at a regular basis.

Hereby, reference values are provided for the end posi-
tions of the load weight range, and also for the entire
liting height range of the fork lift system. These reference
values can be used as initial reference data for estimation
of the load weight based on the rpm signals, and for cal-
ibration of previously determined relationships.

[0059] In order to improve the accuracy of the weight
estimation even further, it is possible to make adjust-
ments for varying conditions related to the environment
or the hydraulic system. For example, it is possible to
determine the temperature of the hydraulic fluid, e.g. by
means of a temperature sensor, and to use this temper-
ature data for adjusting the weight estimation. In exper-
iments it has been determined that the temperature de-
pendency is essentially linear, at least for certain ranges
and under certain conditions. For example, a suitable
adjustment for the test equipment used was found to be
approximately - 4 kg / deg. C in a temperature range of
20 - 80 deg. C. In a similar manner, it is also possible to
improve the estimation further by making adjustments
based on other parameters, such as battery voltage level.
[0060] The secondary data indicative of the weight
load on the forks can be used for controlling the speed
control signal sent to the traction motor, in order to restrict
the performance of the truck in one or several directions.
It may also be used to restrict the operability of the lifting
system, and e.g. to restrict the available lift height, the
tilt and reach capabilities, etc. An overweight alarm or
the like may also be activated in case the lifted load is
too heavy.

[0061] As a complement, additional input for estima-
tion of the weight may also be used, in order to make the
determination even more reliable and redundant. To this
end, load or pressure sensors may be arranged in the
hydraulic system or the lift system, as is per se known in
the art.

[0062] The above-discussed weight estimation proc-
ess is discussed in relation to a hydraulic system. How-
ever, as would be readily appreciated by a skilled person,
a similar estimation process can also be used for other
type of lifting systems, such as in a system employing a
mechanical screw transmission, or the like. Further, the
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above-discussed measuring process is related to the lift-
ing operation, when the weight is raised. However, a sim-
ilar method can be used to determine the weight when
the weight is lowered.

Positioning of load etc

[0063] The above-discussed real time speed signal
representing the actual motor speed in the hydraulic sys-
tem may also be used for determining displacement of
the movable parts, and thus for position estimation of
said parts. These signals, for example related to the rpm
of the pump motor, are associated with the flow of hy-
draulic fluid through the pump, which in turn is associated
with the displacement generated by the hydraulic system.
Is it thereby possible to generate predetermined data re-
lated to the relation between the flow of hydraulic fluid
and the resulting movement of the movable part driven
by said hydraulic system. Thus, by integrating these sig-
nal over time it becomes possible to determine the dis-
placement from a reference point with great accuracy,
whereby an absolute position is determinable. Various
reference points may be used, but preferably a lowered
and retracted position, which is normally present when
the truck is at rest, is used as the reference position.
[0064] In this way, it is possible to determine the posi-
tion of essentially all movable parts and movements
which are operated by means of a hydraulic system, such
as lifting of the forks, projection of the forks for reach
operations, tilting of the forks or the mast, lateral move-
ments of the forks (so called side-shifts), lifting of the
mast, etc. Itis also possible to use this method of position
estimation for other systems, such as the system con-
trolling the steering angle of the steer wheel.

[0065] In experimental measurements it has been
found that this positioning estimation can be made very
accurate and reliable, and e.g. for the fork lift system an
accuracy of +/- 10 mm has been determined within a
liting range of 0-3.20 m, and an accuracy of +/- 20 mm
for the reach operation.

[0066] Fluid temperature, the weight of the load, etc,
may influence the measured results, but corrections may
be made to this respect, in a similar way as discussed
above in relation to the weight estimation, in order to im-
prove the precision even further when estimating (calcu-
lating) the position of the movable part of the hydraulic
system.

[0067] As in the above-discussed weight estimation,
calibration is preferably made at installation, and prefer-
ably also periodically. The control device of the move-
ment may hereby include a self learning function. This
may for instance be done in such a way that when the
truck is started the movable part is moved between its
end position, whereby said end positions may be stored
as reference data.

[0068] The above-discussed method of estimating
movements of movable parts can be used for movements
both forwards and upwards, i.e. in both the two directions.
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If several hydraulic cylinders are operable through the
same hydraulic system, it is possible to distinguish the
movements of the individual cylinders. This could e.g. be
accomplished by operating the cylinders at separate
times, by determining or estimating the part of the hy-
draulic flow going to each of the hydraulic cylinders, etc.
It is also possible to use separate hydraulic system for
the hydraulic cylinders, or semi-separate systems, using
e.g. separate pumps.

[0069] The secondary data indicative of the position of
the movable parts can be used for controlling the speed
control signal sent to the traction motor, in order to restrict
the speed of the truck in one or several directions when
e.g. the mast is in an elevated position. The position es-
timate can also be used for instance for speed reduction
(ramping) at the ends of the working stroke of the mov-
able part in its respective directions.

Further alternative embodiments

[0070] The invention has now been described by a
number of exemplary embodiments. However, it should
be appreciated by someone skilled in the art, that many
further alternatives are feasible. For example, the above-
discussed embodiments may be combined in various
ways. Further, the above-discussed methodology may
be used for control for other motors than the ones spe-
cifically discussed, and for estimation of other types of
data and parameters usable for improved control of the
truck. Still further, the implementation of the control meth-
od could be accomplished in different ways, such as in
especially dedicated hardware or in software for control
of already existing control means. Such and other obvi-
ous modifications must be considered to be within the
scope of the present invention, as it is defined by the
appended claims.

Claims

1. A method for controlling an industrial truck compris-
ing at least one motor for driving a movable part of
the truck, comprising the steps:

providing a real time speed signal representing
the actual motor speed in real time to a control-
ler;

analyzing, in said controller, the received speed
signal by comparing it to predetermined data
and/or to a speed control signal provided to the
at least one motor;

generating secondary control data based on
said analysis; and

using said secondary control data for controlling
the truck.

2. Themethodofclaim 1, whereinthe atleast one motor
includes a traction motor for driving a drive wheel of
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the truck, wherein the step of analyzing involves
comparing a differential or derivative of said speed
signal to predetermined data for acceleration/decel-
eration and/or to a drive speed control signal provid-
ed to the traction motor, for generation of secondary
data related to slipping or spinning of the drive wheel
during acceleration/deceleration, and/or detection of
collision impact on the truck.

The method of claim 2, wherein the secondary data
is used for controlling the speed control signal sent
tothe traction motor, in order to provide an anti-brake
lock and/or an anti-spin functionality.

The method of any one of the preceding claims,
wherein the at least one motor includes a pump mo-
tor for driving a hydraulic system of the truck, wherein
the step of analyzing involves comparing said speed
signal to a pump speed control signal provided to
the pump motor, for provision of secondary data re-
lated to a weight estimation of the weight load being
moved by the hydraulic system.

The method of any one of the preceding claims,
wherein the at least one motor includes a pump mo-
tor for driving a hydraulic system of the truck, wherein
the step of analyzing involves comparing said signal
to predetermined datarelated to the relation between
the pump motor speed and the resulting movement
of the movable part driven by said hydraulic system,
for provision of secondary data related to a resulting
displacement from a reference position.

The method of any one of the preceding claims,
wherein the at least one motor includes a traction
motor for driving a drive wheel of the truck, wherein
the step of analyzing involves comparing said speed
signal to predetermined data related to the relation
between the traction motor speed and the resulting
movement of the truck driven by said drive wheel,
for provision of secondary data related to a driving
distance traveled by the truck.

A control system for an industrial truck comprising
at least one motor for driving a movable part of the
truck, comprising:

means for providing a measure of the actual mo-
tor speed in real time;

a controller; and

a signal connection for transmitting a real time
speed signal representing the actual motor
speed in real time to the controller;

wherein said controller is arranged to analyze the
received speed signal by comparing it to predeter-
mined data and/or to a speed control signal provided
to the at least one motor, and for generating second-
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10.

11.

12.

13.

ary control data based on said analysis, said sec-
ondary control data being usable for controlling the
truck.

The control system of claim 7, wherein the at least
one motorincludes a traction motor for driving a drive
wheel of the truck, wherein the controller is adapted
to analyze a differential or derivative of the received
speed signal by comparing said signal to predeter-
mined ramp data for acceleration/deceleration
and/or to a drive speed control signal provided to the
traction motor, for generation of secondary data re-
lated to slipping or spinning of the drive wheel during
acceleration/deceleration, and/or detection of colli-
sion impact on the truck.

The control system of claim 8, wherein the secondary
data is used for controlling the speed control signal
sent to the traction motor, in order to provide an anti-
brake lock and/or an anti-spin functionality.

The control system of any one of the claims 7-9,
wherein the at least one motor includes a pump mo-
torfor driving a hydraulic system of the truck, wherein
the controller is adapted to analyze the received
speed signal by comparing said signal to a pump
speed control signal provided to the pump motor, for
provision of secondary data related to a weight es-
timation of the weight load being moved by the hy-
draulic system.

The control system of any one of the claims 7-10,
wherein the at least one motor includes a pump mo-
torfor driving a hydraulic system of the truck, wherein
the controller is adapted to analyze the received
speed signal by comparing said signal to predeter-
mined data related to the relation between the pump
speed signal and the resulting movement of the mov-
able part driven by said hydraulic system, for provi-
sion of secondary data related to a resulting dis-
placement from a reference position.

The control system of any one of the claims 7-11,
wherein the at least one motor includes a traction
motor for driving a drive wheel of the truck, wherein
the controller is adapted to analyze the received
speed signal by comparing said signal to predeter-
mined data related to the relation between the speed
of the driving wheel and the resulting movement of
the truck driven by said drive wheel, for provision of
secondary data related to a driving distance traveled
by the truck.

Anindustrial truck having a control system according
to any one of the claims 7-12.
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